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© Method of quantitative analysis of drilling fluid products. 



© A method of quantitative analysis of products, such as barite, bentonite or polymers, in a drilling fluid 
circulating in a wellbore being drilled is described. The method comprises the steps of sampling the drilling fluid, 
and analysing the sample to determine the density of the fluid and the weight fraction of solids in the fluid. In 
addition, a known weight of the sample is dried to constant weight so as to obtain the products under the form of 
solids, which solids are analysed by an infrared spectroscopy technique. The concentration of the products in 
the drilling fluid is then determined. The method can be applied to the control of the drilling operation by 
monitoring the quantity of products added to the drilling fluid, such as barite and polymers, or a product coming 
from the borehole wall or the underground formation being drilled. The invention also applies to the control of the 
working condition of the mud solids equipment. 
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METHOD OF QUANTITATIVE ANALYSIS OF DRILLING FLUID PRODUCTS 



The present invention relates to a method of quantitative analysis of products in a drilling fluid (usually 
called "mud") used to drill a well. 

In the rotary drilling of wells, such as hydrocarbon wells, a drilling fluid or mud is continuously 
circulated from the surface down to the bottom of the hole being drilled and back to the surface again. The 

5 mud has several functions, one of them being to transport the cuttings drilled by the drill bit up to the 
surface where they are separated from the mud. Another function is to impose an hydrostatic pressure on 
the walls of the borehole so as to avoid a collapse of the borehole and an influx of gas or liquid from the 
formations being drilled. The characteristics of the mud are therefore important to monitor and to keep 
within certain limits. For example, the density must be large so as to exert a certain hydrostatic pressure on 

10 the formations but not too large to fracture these formations. The viscosity of the mud is also an important 
characteristic since it contributes to the cuttings transport capability of the mud. Weighting materials, barite 
for example, are added to the mud to make it exert as much pressure as needed to contain the formation 
pressures. Clay, such as bentonite clay, is added to the mud so as to keep the drilled cuttings in 
suspension as they move up the hole. The clay also sheathes the wall on the hole. This thin layer of clay, 

is called filter cake reduces the loss of mud to permeable formations caused by filtration. Numerous 
chemicals are available to give the mud the exact properties it needs to make it as easy as possible to drill 
the hole. 

Drilling muds are of two main types, distinguished by whether water or oil is used as the continuous 
phase. Water-base muds are typically suspensions of bentonite clay, to which further heavier minerals 
20 (usually barite), polymers and surfactants are added to optimise the rheology and other physical properties 
for a particular job. 

The most common oil-base drilling fluids are water-in-oil emulsions where micron-sized brine droplets, 
stabilised by emulsifier, are dispersed in a mineral oil, along witn organophilic clays, weighting minerals, 
wetting agents and oil-soluble viscosifiers. 
25 In addition to the products added in the drilling mud for specific purposes, other products coming from 
5r the formation being drilled and/or from the borehole wall can be presented in the mud. These products are 

Q in the form of tiny particles of solids (an average diameter being about 50-100 microns) and are usually 

^ called "fines". Examples of "fines" are silica (quartz), carbonate: and dispersed clay particles. Hereinafter 

UJ the term "products" is used to designate both the mud additives a- 2 :ne "lines". 

s| 30 The growing concern over the environmental impact of oil-bast.-: grilling fluids has lead to an increasing 

^3 reliance on water-based muds. An important aspect of wa'.c-t.aspc muds is the use of water-soluble 

Zj polymers to control the main functions of the mud; rheoio-; . • i.ic loss and shale stabilisation. Both . 

^ naturally-occurring and synthetic polymers have found exte«.s ••• <•-> water-based muds, ranging from 

> low molecular weight dispersants to high molecular weig-v fcsmg polymers. The commonest 

^ 35 naturally-occurring polymers used in drilling fluids are f- : '. a^-a-ides. which include guar gum, 

h- carboxymethyl cellulose, corn starches and xanthan gum. ir i.. . ■ ■ • . .v. vicre has been increased interest 

GO in synthetic polymers which generally attempt to extend thr i- - .-. aid salinity/hardness limits of the 

naturally-occurring polymers. 

Despite the extensive use of polymers in water-base j ■ - 'ncre are currently no recom- 

40 mended API (American Petroleum Institute) techniques for • ■ ..' ■» el the polymer content of such 
muds. Methods which have been developed to determine ro .-• • . ■ ■ .v.on invariably use mud filtrate, 
ie, the polymer contained in the aqueous phase of the muc z from the mud solids. Recent 

examples have been the measurement of the concentrator ■ .-\v.e and polyacrylamide poly- 

mers by ultraviolet/visible spectrophotometry; however, tr - ■ : rriuds the absorption of the 

45 electrolytes interferes with the method for polyacrylam.cx ■ :-es include derivatisation and 

polymer degradation on heating. An example of the latter te:- -•■ vnermination of polyacrylamide 

concentration by quantitative analysis of the ammonia releasor - • — ■ iradation. 

Techniques that require separation of a polymer solution tic- - :■ i ->z mud are unsatisfactory, as full 
recovery of the polymer is not likely. Many of the polymers v.-. •■. aJjed to the mud, particularly the 
so high molecular weight polymers, are done so with the specific u-i o- adsorption on the mud solids. 
Similarly, during a filtration process, a filter cake is formed which vc, 1 <e v stocks or retains the polymer. 
The net result of the normal filtration process, eg, using a h.gr ptessure filtration ceil, is to produce a 
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n^rrXso, the present 
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55 The products are manly polymer(s), drilled clays, ° enran J> cnectroscoDV and by a diffuse 
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The principles of IR spectroscopy are well known, and in general the technique requires the sample 
being analysed to be "mounted" on or within an IR-transparent carrier. Thus, for example, in conventional 
transmission spectroscopy the sample is pasted with NUJOL (or some similar paste) and supported 
between two rocksalt (sodium chloride) plates, while for conventional reflectance spectroscopy the sample 
is incorporated into a salt powder. Indeed, this latter technique is useable with advantage in the method of 
the invention, so that the preparation of the powder for infrared analysis includes the mixing of a known 
eight of dried drilling fluid solids with a halide salt to form a mixture, and grinding the mixture until the 
particle size of the solids is no more than 2 microns to obtain the desired powder. The halide salt is 
preferably potassium bromide or sodium chloride. 

A reflectance spectrum obtained from a salt/sample powder admixture can be perfectly satisfactory. 
However, in a reflectance method of this type a high proportion of the returned IR energy has in fact 
undergone transmission through the surface "layers'* of the sample powder, and recent work has shown 
that, because of the relatively similar refractive indices of the materials involved, one result of effectively 
incorporating the sample solids within the salt is for refractive effects to mask the weaker signals produced 
by some of the less plentiful sample components. It has now been found that a rather different - and in 
some ways markedly superior - spectrum can very usefully be obtained by analysing the sample powder 
"raw" (as it were) rather than incorporated with a halide salt. Some comparative results relating to this are 
given and discussed hereinafter. 

Whether the spectroscopy is carried out by transmission or by reflectance and if the latter whether with 
the sample incorporated with a halide salt or not. the interpretation of the concentration of the products is 
preferably achieved by first obtaining the infrared spectra of known compositions of the drilling fluid 
products and by generating a calibration model from those spectra. 

The following description of the invention is accompanied by drawings in which Fig 1 and 2 relate to a 
first example and Fig 3 and 4 relate to a second example: 

- Fig 1 shows the fit of a calibration model to calibration samples for different concentrations in 
carboxymethyl cellulose polymer (CMC), for a mud containing CMC and bentonite; 

- Fig 2 is an example of an FTIR spectrum of a calibration mud sample containing bentonite and 
carboxymethyl cellulose (CMC); 

- Fig 3 is an example of an FTIR spectrum of a calibration mud sample containing barite, bentonite, 
calcfte and quartz; and 

- Fig 4 shows the fit of a calibration model to calibration samples for different concentration in barite, for 
a mud containing barite, bentonite, calcite and quartz. 

; Preliminary sampling, mathematical and spectroscopic considerations 

A sample of drilling fluid is taken from the drilling fluid circulating at the surface, preferably in the mud 
pit (so as to obtain information on the drilling mud being circulated downhole through the drill string), and/or 
downstream of the shale shaker but upstream of the mud pit (so as to obtain information on the drilling fluid 
) returning to the surface from the borehole). 

The weight M m of an accurately known volume V m of mud sample is measured, which determines the 
mud density d m 

5 ' d m = ^ (1) 



A known weight of the mud is dried to constant weight in an oven, or (more conveniently) an infrared 
drier balance, at a temperature in excess of 100°C but below temperatures which cause degradation of the 
polymers in the mud (about 200°C). An infrared drier balance is preferred both because the mud sample 
may be smaller than the ones dried in an oven and because a direct reading of the solids weight is 
obtained. The weight of water M w lost on drying the mud enables the weight fraction of solids W s in the 
mud to be determined by: 



_ M m - M w 
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"If the mud filtrate contains dissolved salts (electrolyte), the mud weight M m is equal to M w + M, + M 
in which M s and M e are the weight of the solids and the salts, respectively. Then a corrected solids content 
can be obtained from: 

Mm - M w - M e m 
Ws " Mm 

The weight of M e can be conveniently determined from the measurement of the concentration c, of ions 
in solution using a suitable analytical technique, eg ion chromatography: 

*-T&f4 (4) 

where d w is the density of water and M, is the molar mass of ion , Such a method is, for example 
described in EP Patent Application 0,316,985. The polymers contained in the mud are mixed with the solids 
after drying out the mud sample, and for the purposes of analysis, can be considered solid components. 

The dried mud solids and polymers are prepared for quantification using infrared spectroscopy Firstly, 
an accurate weight of dried mud solids and polymers are mixed with the haiide salt such as potassium 
bmmiSe or sodium chloride) to form a mixture of the mud solids and haiide salt, the chosen concentrate 
o f Zd solids being about 5 weight percent. The haiide salt decreases the difference of refractve indexes 
D*ween the air and the mixture, and therefore decreases the loss of infrared radiation by Election on the 

. sots. The mixture is ground in a ball mil, or pestle and mortar, preferab.y made of agate or corundum to 
minimise contamination from the material of the mill during grinding, to form a ^^f^.^ 
which is below 10 microns, ie comparable to the wavelength in the mid-.nfrared range. Such a part,cle size 
can be achieved within a few minutes using a smal. grinding mill - eg, a Wig-L-Bug m.cromser manufac- 
tured by Crescent Dental Manufacturing Company of the USA. 

3 A sample of the powdered mud solids in the finely ground haiide salt is placed m a diffuse reflectance 
cell, and the spectrum collected by an infrared spectrometer, preferab.y a Fourier fransforrn mfrared 
spectrometer. The equivalent transmission spectrum can be obtained by performing the "ube ka-Munk 
transform on the raw reflective spectrum data. This transform is described for example in the book 
"Reterce Spectroscopy" by 6 Kortum, a Springer-Verlag Publication 1969. Such a transform is conve- 

s nient only but not essential for the quantification. The diffuse reflectance spectrum corresponds to infrared 
radiation emitted by the solids molecules following their absorption of the radiat.cn emitted by the infrared 

S ° U An tZSZZSZ**™ technique to collect the infrared spectrum of the mud solids is by direct 
transmission The mixture of mud solids and haiide salt is pressed into a solid disc (pellet) using a press 
. 2£Z Texlrlg loads of up to 10 tonnes. For the quantification of mud solids the diffuse reflectance 
technique is preferred for the following reasons: 

- diffuse reflectance is a more rapid technique, and avoids the manufacture of ha ide P^ ts ' 

- overtone and weaker bands in the infrared spectrum are often more prominent in drffuse reflectance than 

. -"ret often give rise to intense absorption bands in the infrared spectrum which 

mav not be suitable for use in linear quantitative techniques. 

- larger sample weights are used in the diffuse reflectance technique, typically being ,n the range of 0.04- 
0 4g compared with sample weights of typically 0.004g used in direct transm.ss.on techniques. The 
analytical problems of obtaining accurate weights and representative samples is therefore reduced 

5 o The two last mentioned reasons may prevent the whole transmission spectrum from be.ng used to 
quantSy the components in the mud solids. In contrast, the whole diffuse reflectance spec trum is avai.a b e. 
?or quantitative analysis - and the improvement is even more marked where a reflectance spectrum ,s 
obtained from a sample that has not been incorporated in a haiide salt. 

2 diLe reflectance spectrum of the recovered mud solids can be interprets d quan itatively using a 

55 number of techniques, including the Beer-Lambert law. In accordance with this ^'^^JJTn 
relationship between the diffuse reflectance - or the absorbance -of a product and its concentration at a 
stnole fixed freauencv. and the spectrum of a mixture can be analysed in terms of a charactenstic value of 
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the absorbance at a number of wavelengths, is preferred since a mixture of several components often 
results in marked deviations in the Beer-Lambert law. The spectrum of a mixture can be considered to be a 
linear combination of those of the pure components, and calibrations must be developed from the spectra of 
such mixtures. Multivariate statistical techniques can be used to generate a calibration mode! of the dried 

5 mud solids; the model essentially consists of a regression (or partial regression) of the spectral and 
concentration data sets of standards of accurately known compositions. Examples of such multivariate 
techniques are multiple linear regression, principal components analysis and partial least squares path 
modelling. This last technique is preferred and is described in the book "Multivariate Calibration" by H 
Martens and T Naes, a Wiley Publication, 1989. An example of a computer programme to perform the 

w partial least squares regression is the well-known UNSCRAMBLER software, developed at the Norwegian 
Food Research Institute and described in the journal "Chemometrics and Intelligent Laboratory Systems", 
Volume 2, pages 239-243, 1987 

The quantity or concentration of products in the original (undried) mud can be calculated as follows. 
The spectroscopic analysis gives the concentration of each product in the mud solids, preferably as a 

75 weight fraction. For component j of weight fraction w, in. the mud solids, the total weight fraction W, in the 
mud is 

Wi = WrW s , (5) 

which gives the weight of component j per unit weight of mud, such as kilogram of component per kilogram 
of mud. For a mud density d m , the actual concentration is 

20 c f = w,W s d m (6) 

where the density d m has the same units as the concentrations Ci (eg, kg/m3). 

It is preferred to determine the concentration of the products in the mud, but any value representative 
or characteristic of the concentration could be determined within the scope of the invention. 

The present invention is also useful for assessing the working condition of the mud solids equipment, 

25 such as the hydrocyclones, mud cleaners and centrifuges. One way to do this is to monitor the variation in 
the concentration or quantity of one of the products treated by the mud solids equipment, such as barite 
(this supposes that any loss of product, and therefore any decrease in the measured concentration, is due 
to the mud solid equipment only). Another way, which is preferred, is to determine the concentrations or 
quantities of the product from mud samples taken upstream and downstream of the mud surface equipment 

30 (for example, at the mud exit of the shale shaker and in the mud pit), and to compare the upstream and 
downstream concentrations. The result of the comparison indicates the working condition of the equipment, 
such as how much barite is extracted by the equipment. Obviously the assessment of the working condition 
can be made for one piece of equipment only, such as the mud cleaner. 

35 

• Example 1 - Quantification of various components in a water-based mud 



A first example is presented to show the principles of the method and the accuracy which can be 
achieved by the technique. 

40 The water-base mud to be analysed consisted of a mixture of bentonite and a low-viscosity carbox- 
ymethyl cellulose of varying concentrations. A calibration model was constructed from a series of 8 
standards with bentonite concentration in the dried solids in the range 0.6033-0.9477 weight fraction. 
Therefore the polymer concentration in the dried solids was in the range 0.0523-0.3967 (the sum of the 
weight fractions of the polymer and bentonite being equal to 1). 

45 For each standard whose composition was accurately known, the diffuse reflectance spectrum was 
collected using the Fourier transform infrared (FTIR) technique. A regression model of absorbance as a 
function of concentration was generated from the diffuse reflectance FTIR spectra, using a partial least 
squares path modelling algorithm. Fig. 1 shows the concentration of polymer C calculated from the 
calibration model as a function of the actual concentration A of samples. The fit of the calibration model to 

so the calibration samples is clearly apparent: the correlation coefficient of the least squares best fit is 0.999. 

An equivalent plot can also be obtained from bentonite with samples of known bentonite concentration. 
Fig 2 shows an example of the FTIR spectrum of a calibration sample, displaying the absorbance AB of the 
solids bentonite and polymer as a fraction of the wavenumber F (in cm -1 ) of the infrared radiation. The 
absorbance values were obtained by performing the Kubelka-Munk transform on the raw diffuse reflectance 

55 spectrum. The absorption bands due to both bentonite and polymer are clearly visible, and have been 
marked in the Figure by their characteristic groups of molecules - O-H and Si-0 for bentonite, and C-H and 
COO for carboxvmethvl cellulose (CMC). 
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polymer content, and the results are summarised in Table 1. The sol.ds content of the 3 muds was 
Sated from the accurately known weights of bentonite and polymer used to make ^the mud. The 
measured solids content from the infrared spectra of the 3 dried mud solids samples were coHected by the 
Se reflectance technique, and subsequently processed through the multivanate calibration model to 
de e mine the weight fractions of bentonite and polymer in the samples. Table 1 shows good agreement 
Seen the actual and measured weight fraction w, of bentonite and polymer m the mud solid. wh.c h, 
together with the known solids content of the mud and mud density, ™<*^»**$ ?~SS 
tions by use of eqn [6]. The polymer concentration was measured to with.n ± 10/o of the actual. 



concentration. 



Example 2 - Quantification of barite and bentonite in a water-based mud 

The second example shows the application of a calibration model to quantify the barite and bentonite 
75 content oi a water-based mud with contaminating drilled solids, ie, drilled "fines" which have become 

aS T^rmo m d U e' wa'fbased on a nomina, composition f 60 grams of bentonite and 340 = erf 
barite per litre of mud; the weight fraction solids content was 0.3086 (30.86 we.ght percent) The dned mud 
so its ZZeZ a nomJcomposition of weight fraction 0.85 barite and 0.15 bentonite A calibration 

20 mte. was constructed such that the barite content of the dried mud solids could vary befcveen , O 75 a d 
0 90 while the bentonite content covered the range 0.09-0.20. In add.tion, the mud was contamma tod I with 
drL ca.cite and quartz fines which could each vary between 0 and 0.1 we.ght fraction. The cal.bration 
model thus covered the following compositions: 
barite: 0.75-0.90 

25 bentonite: 0.09-0.20 
calcite: 0-0.10 

^Tcatbration model was constructed from 17 standards which covered this range of mud solids 
compost n The ™,r spectrum of each standard was collected by diffuse reflectance. Rj , 3 shows the 
30 ™ spectrum of a calibration standard which consisted of absorbance AB versus wavenumber F (,n cm ). 
for the following mud composition: 



product: 


barite 


weight 
fraction: 


0.750 




bentonite 

calcite 

quartz 




0.110 
0.070 
0.070 



On Fig 3, the peaks have been identified, successively from high to low values of wavenumber F as 
calcite overtones, barite overtones, quartz overtones, calcite, an overlapping band of bante, bentonite and 
ouartz barite calcite. quartz, calcite. barite. and finally bentonite. The calibration model was generated by a 
n^S rearession of the spectral and composition data. Fig 4 represents the calculated values 

?S - tXSS^S2^f^ the calibration model, versus the actual va.ues A. The fit of the 
calibration model values to the calibration samples is clearly apparent. 

•See mud amples of accurately known composition were then analysed to de 
of the model. The results are shown in Table 2, where the composition of the mud 

infrared spectroscopy are compared to their known values. There ,s a good agreement between the 
m Tthe ™™the spectra were obtained by Fourier transform infrared spectroscopy - ie for 
each spectrum an interferogram was first obtained, and the interferogram data were then converted from the 
time domlTnto the frequency domain by a Fourier transform 

automatically in the FT1R spectrometer, and were not apparent to the operator. It should first oe remarKeo 
; that other echnique othe? than the Fourier transform technique, exist to convert data from he time to 
hat other technique Diner Hadamard and maximum entropy techn.ques. 

^ «* n^y **««*» « *• «™ <*. 
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be compared directly with reference data obtained from the spectra of reference samples. An .nstance o 
such a direct method is for example given in the article "Partial Least-Squares Quantitative Analysis of 
Infrared Spectroscopy Data" in Applied Spectroscopy. 1988, Volume 42, Number 2, page 235. The present 
invention is therefore not limited to the use of a Fourier transform tecnnique. 

Examples 1 and 2 relate to reflectance spectra obtained from a sample of dned drilling mud and 
powdered in admixture with a halide salt. The following two examples serve to demonstrate that, for certain 
water-based drilling fluid formulations, a more accurate quantification of drilling fluid products may be 
obtained from a calibration model constructed from spectra obtained from crushed "raw mud solids 
powders rather than from mud solids powders dispersed in a halide salt. 



Example 3 - Quantification of five components in a salt-saturated water-based mud 

The water-based mud to be analysed contains five components dispersed in a salt solution. The five 
components to be quantified are simulated drilled clay solids (OCMA) grade which is mainly composed of 
kaolinite), an asphaltene product (Soltex), and three polymeric products, namely starch, partially hydrolysed 
polyacrylamide (PHPA). and xanthan gum (XC). 

20 standard muds were prepared with the concentration of each component varying independently 
within the ranges listed below: 



OCMA 


97.45 - 163.20 g/l 


Soltex 


5.87-10.88 g/l 


starch 


7.91 -11.73 g/l 


PHPA 


0.99 - 2.48 g/l 


XC 


0.99 - 3.99 g/l 


NaCI 


244 g/l 


NaOH 


3 g/l 



Dried mud solids powders produced from each of the 20 standard muds contain component weight 
fractions within the ranges listed below: 



35 



40 



OCMA 


0.2682 


0.3776 


Soltex 


0.0153 


0.0279 


starch 


0.0114 


0.0312 


PHPA 


0.0026 


0.0063 


XC 


0.0026 


0.0075 


NaCI 


0.5553 


0.6723 


NaOH 


0.0071 


- 0.0085 



Evaporated salts account for between 56 and 68 wt. % of the dried mud solids; sodium chloride, which 
« accounts for between 55.5 and 67.2 wt. % of the dried mud solids, produces a non-absorbing diffusely 
reflecting matrix, so that the FTIR spectrum for each crushed "raw" mud solids powder is dominated by the 
spectrum for OCMA. Since the sodium chloride matrix is non-absorbing, the OCMA component accounts for 
between 82 and 87 wt. % of the absorbing components. The weight fraction of the two Polymenc products, 
(PHPA and XC) in the dried mud solids is very low, ranging between 0.0026 and 0.0075 (note that the 
50 PHPA and XC concentrations vary by factors of 2.4 and 2.9 across the range). 

The following data serve to demonstrate that, for this particular mud formulation, a more accurate 
quantification of PHPA and XC is obtained by constructing a calibration model using crushed raw 
undiluted mud solids powders rather than by using crushed mud solids powders dispersed in a hal.de salt. 

55 

Use of a calibration model using crushed mud solids dispersed in potassium bromide 
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0 54g potassium bromide; such a dilution reduces the abso.ute weight fractions of PHPA and XC to 0.00026 
- 0.00075. Correlation coefficients for the calibration model obtained are l.sted below: 



Component 


Calibration 
coefficient 


Comment 


OCMA 


0.763 


Acceptable 


Soltex 


0.990 


Acceptable 


starch 


0.715 


Acceptable 


PHPA 


0.367 


Too low 


XC 


0.599 


Too low 



Whilst the calibration coefficients for the "major" components (OCMA, Soltex and starch] , indicate that 
the calibration model may be used for their quantification, the ^^J^^^pTenT^ 
rnmoonents (PHPA and XC) are poor. Due to both the very low absolute we IQ ht fraction of PHPA and XC in 
r^ES^um bromide mixtures and the predominance of OCMA amongst the absorbmg 
componen s the' Involution of spectral information specific to the PHPA ~£^ A ^£ 
approaching a detection limit for their quantification. Effectively, spectral variance due to the PHPA and XC 

^Sn of PHPA "the range 0245 • 0.645 wt. % in an unknown dried mad salids powder, the model 
°:ZST a ^ZZZL in the range 0.375 ■ 0.54, * % (refer to Rgure 
whatever the ac.ua, eoncentration o. XC in .he range 0.240 -0.7,3 wt *« ah , unknown r ed m d £d. 

^T^'to'e series o, si, test mode bailed using «ne o»,ib,a«o„ mode, constructed from spectra 
tor mud solids dispersed in potassium bromide are shown in Tabie 3. The data .nd.ate to the ma,^ 

±14.5% and ±24.8% respectively. 



Use of a calibration model using crushed "raw" undiluted mud solids powders 
Correlation coefficients for the calibration model are listed below: 



OCMA 


0.999 


Soltex 


0.946 


starch 


0.999 


PHPA 


0.986 


XC 


0.982 



The above calibration coefficients for each of the 5 components are si *^ £ 

SSd" the mode, cSucfed ulg mud soL powders diiuted with potassium bromide ,C. R ,u,es 
5a and 5b). ^ mn Hc ralrillatpr) frnm thft calibration model constructed using 
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■raw- undiluted mud soKda powders arc given in Table 4. The data indicate thai «. n^ mp^ 
determination of PHP A and XC. 



4 -Quantify 

^raX^ns^^ 

"U "andTmuds were prepared with the concentration o. eacn component .arying independent,, 
within the ranges listed below: 



Bentonite 


19.72-69.91 g/l 


CMC-LV 


3.91 -15.98 g/l 


XC 


0.81 - 4.25 g/l 


calcite 


18.46 -37.19 g/l 


barite 


90.57 - 230.05 g/l 



Dried mud solids produced from each of the 20 standard muds contain component 
within the ranges listed below: 
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Bentonite 


0.0716 


0.3039 


CMC-LV 


0.0169 


0.0681 


XC 


0.0026 


0.0203 


calcite 


0.0982 


-0.1595 


barite 


0.4849 


- 0.7542 



^ ?JS2Z 'JSZJZXpSl dL^ ^m .ro.de 
rather than by using crushed "raw" undiluted mud solids powders. 

^ of a c^lib^ rt^ u^ 
calibration model obtained are listed below: 
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5 



Qom p on &n t 


Calibration 
coefficient 


Bentonite 


0.997 


CMC-LV 


0.997 


XC 


0.931 


calcite 


0.981 


barite 


0.988 



quantified within relative accuracies of ±10.8% and ±9.8% respectively. 



Use of a calib^ model using c£u^ W r^ s^ powders 
Correlation coefficients for the calibration model are listed below: 



Bentonite 


0.929 


CMC-LV 


0.801 


XC 


0.993 


calcite 


0.814 


barite 


0.990 



XC and calcite in this particular water based mud formulation. 
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Table 1 











TEST MUD BATCH No 










1 


2 


3 








Actual 


4.82 


2.77 


2.93 


SOLIDS CONTENT 










(Wl%: 






Measured 
(IR dryer bal.) 


4 89 


2 75 


2 97 


Q .0 






Actual 


9.25 


12.42 


29.74 


U F 




MUD SOLIDS 










A 




(Wt. %) 


Measured 


9 75 


1 1 20 


30 50 


N C 


C 




(FTER) 








T 0 


M 




Actual 


4.53 


3.47 


8.75 


I M 


C 


WHOLE MUD 










F P 




(g/D 


Measured 


4.91 


3.13 


9.21 


I 0 














C N 


B 




Actual 


90.75 


87.58. 


70.26 


A E 


E 


MUD SOLIDS 










T N 


N 


(Wt. %) 


Measured 


90.25 


88.80 


69.50 


I T 


T 




(FTER) 








0 S 


0 












N 


N 
I 


WHOLE MUD 


Actual 


44.46 


24.43 


20.67 




T 


(g/D 


Measured 


45.42 


24.82 


20.99 




E 
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Table 2 









TEST MUD BATCH No 








1 


2 


3 


DENSITY dm (g/D 


1.294 


1.294 




SOLID WEIGHT % W s 


0.3120 


0.3093 


0.3077 


B 
A 


WEIGHT % MEASURED (FTIR) 


75.9 


80.2 


87.7 


R 
I 


CONCENTRATION C 


Measured (FTIR) 


306.4 


321.0 


350.3 


T 
E 


(g/D 


Actual 


302.6 


318.4 


354.2 


B 
E 
N 
T 
0 


WEIGHT % MEASURED (FTIR) 


9.0 


16.1 


9.9 


CONCENTRATION C 


Measured (FTTR) 


36.3 


64.4 


39.5 


N 
I 
T 
E 


(g/D 


Actual 


36.4 


65.7 


36.0 


C 
A 


WEIGHT % MEASURED 


(FTIR) 


10.0 


2.1 


1.1 


L 
C 


CONCENTRATION C 


Measured (FTIR ) 




8.4 


4.4 


I 

T 
E 


(g/D 


Actual 




8.0 


4.6 


Q 
u 


WEIGHT % MEASURED (FTIR) 




1.7 


1.1 


A 
R 
T 
Z 


CONCENTRATION C 
(g/D 


Measured (FTIR 




6.8 


4.4 


Actual 




8.2 


4.6 
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SOLIDS 
CONTE 
(Wt. %) 


.', 

lift 


I 

1 

lit? 


1 

«i 

f 

III? 


! 

S { 

'slit 

: — : — — 


1 

«l 

III? 


f. 

tffl 




r 3.02 
1.94 
-1.08 




^ = 1 




137.74 
129.14 
-8.6 




-i 

!-' 




1.69 
1.54 
-0.15 


*Ies 






fc 688 




1.89 
1.77 
-0.12 
-6 




= 111 


116.92 
+4.36 
+4 


-sis 


2.79 
2.30 
-0.49 
-18 




= 511 


=ls? 


134.02 
-7.72 
.5 


32.46 
-0.48 






9.42 
-1.71 
-15 


i lgl 


144.69 
+5.38 
+4 


32.25 
-0.49 




1.57 
-0.41 
-21 


8.91 
-0.45 
-5 




105.29 
+4.87 
+5 


HI! 
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III 
fill 




1 
n 

! 

Ills 


! 

1 

=. 

'ill 


i 

s 

III? 


I 

Sij 

~g 

a 

!if? 


1 

If 

1 

! 

iif? 


=iss 


*lsi 


=111 


9.34 
; 8.89 
-0.45 




-sis 


TEST MUD BATCH NO. 


= = ! = 






6.35 
8.10 
+ 1.75 




*»: 








10.76 
9.72 
| -1.04 






2. If 
2.30 
-0.49 
-17 




11.75 
+0.25 
+2 


7.23 
+0.86 
+ 14 


'fill 


; -Sis 


2.24 
-0.17 










32.25 
-0.49 
-1 








^§5i 




Hi 
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SOLIDS Actual 
CONTENT Measured 
CM %) * Difference 
t Relative difference 




Barite Whole Mud Act. 

(g/1) Meas. 

Diff. 

Relative difference 


Calcile Whole Mud Act. 

(g/1) Meas. 

Diff. 

Relative difference 


g 

s s 
! 

! 

!§!? 


CMC-LV Whole Mud Act. 

(g/1) Meas 
Diff. 

Relative difference 


Benlonite Whole Mud Aci. 

(g/1) Meas. 

Diff. 

Relative difference 


= 111 


29.87 
30.08 
+0.21 


-til 


9.97 
9.42 
-0.55 
-5 


35.86 
34.54 
-1.32 


= 111 


TEST MUD BATCH NO. 
1 2 3 4 5 6 


-111 






-lis 


His 


-III 


= 111 


33.95 
34.68 
+0.73 
+2 




9.11 
7.86 
-1.25 


38.02 
39.38 
+1.36 


23.97 
24.08 
+0.11 


185.07 
187.04 
+1.97 




*l§s 




44.22 
43.18 
-1.04 


22.57 
+0.23 
+ 1 




Hit 




12.46 
14.43 
+ 1.97 
+16 


-111 




210.38 
+2.24 
+ 1 




Z.bU 

2.45 
-0.15 
-6 


B.3U 
7.36 
-1.14 
-13 


44.59 
-3.41 
-7 


25.59 
+0.41 
-2 
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Ill 

tilt 


Barite Whole Mud Act. 

m Meas 
Diff 

Relative difference 


Calcite Whole Mud Act. 

(E /1) Meas. 

Diff. 

Relative difference 


X 

o 

g i 
-& 
! 

"if* 


CMC-LV Whole Mud Act. 

(gfl) Meas. 

Diff. 

Relative difference 


Bentonite Whole Mud Act. 

(g/1) Meas. 

Diff. 

Relative difference 


-fell 


*g&8 




9.97 
7.36 
-2.61 
1 -26 


= 111 


i 

22.14 
22.13 
-0.01 
0 


-fell 


mi 




=sss 




2 

23.40 
23.56 
+0.16 
+ 1 




-III 


3.71 
4.21 1 
+0.5 ' 
+13 


9.11 
11.06 
; +1.95 




3 

23.97 
24.08 

0 


-111 


*6SS 




7.60 
10.15 
+2.55 


42.43 
-1.79 
-4 


4 

22.34 
22.57 
+0.23 
+1 


-ill 








.'lis 


5 

23.16 
23.37 
+0.21 
+1 


211.88 
+3.74 
+2 


!*S"6i 




6.73 
-1.77 


;-{?! 





Claims 



1 Method of quantitative analysis of products in a drilling fluid, according to which the drilling fluid is 

sampled and the sample is analysed, characterized by comprising the following steps: 

- determinin 9 the denSi J: d T * ? ™ "S* woinht „ ac tn nhtain thP products in the form of dried 
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solids, 

- determining the weight fraction of solids W s in the fluid, 

- preparing a known weight of dried solids to form a powder suitable for infrared analysis, 

- analysing the powder in a spectrometer to obtain an infrared spectrum, and 

5 - determining a value characteristic of the concentration of at least one of the products in the drilling fluid 
from the spectrum, the value of the density d m of the fluid sample and the value of the weight fraction of the 
solids W s in the fluid. 

2 The method of claim 1, further comprising the step of interpreting the infrared spectrum to determine the 
weight percent of said at least one of the products in the powder. 
70 3 The method of claim 1 or 2, wherein the infrared spectrum is obtained by a diffuse reflectance technique. 

4 The method of claim 3, wherein the transmission spectrum equivalent to the diffuse reflectance spectrum 
is obtained by performing a Kubelka-Munk transform on the diffuse reflectance spectrum. 

5 The method in accordance with any of the preceding claims, further comprising the steps of determining 
the weight of salt M e dissolved in a known weight of drilling fluid and correcting the weight fraction of solids 

75 W s in the drilling fluid to account for M e . 

6 The method in accordance with any one of the preceding claims, wherein the drilling fluid is dned to 
constant weight using an infrared drier balance. 

7 The method in accordance with any of the preceding claims, wherein the dried mud solids powdered for 
infrared analysis are so powdered without any additives thereto or carriers therefor. 

20 8 The method in accordance with any one of claims 1 to 6, wherein the step of preparing the dried solids to 
form a powder comprises mixing a known weight of dried solids with a halide salt to form a mixture and 
grinding the mixture until the particle size of the solids is no more than 10 microns to obtain said powder. 

9 The method in accordance with claim 8 wherein the halide salt is potassium bromide or sodium chloride. 

10 The methanol in accordance with any one of the preceding claims, wherein the step of determining a 
25 value characteristic of the concentration of at least one of the products from the infrared spectrum 

comprises obtaining infrared spectra of standards containing known concentrations of said drilling fluid 
products and generating a calibration model from said infrared spectra. 

11 The method in accordance with any one of the preceding claims, wherein the infrared spectrum obtained 
by analysing the powder is a Fourier transform infrared spectrum. 

30 12 The method in accordance with any one of the preceding claims, wherein said at least one of the 
products is chosen from polymer, drilled clay, bentonite clay, barite, carbonates and quartz. 

13 The method in accordance with any one of the preceding claims, in which a given concentration of one 
of the products is indicated in the drilling fluid specifications, further comprising the steps of comparing said 
given concentration with the concentration of said product measured in accordance with the method of any 

35 of the claims 1 to 11, and adjusting the concentration of said product so as to comply with the drilling fluid 
specifications. 

14 The method in accordance with any one of the preceding claims, wherein the working condition of the 
mud solids equipment is assessed by monitoring the variation in the quantity of one of the products treated 
by the mud solids equipment. 

40 15 The method in accordance with" any one of claims 1 to 13, wherein the working condition of the mud 
solids equipment is assessed by comparing the quantity of one of the products treated by the mud solids 
equipment, upstream and downstream of said mud solids equipment. 

16 Application of the method of any of the claims 1 to 12 to the control of the drilling operation by 
monitoring the presence and concentration of products present in the drilling fluid and coming from the 
45 formation being drilled and/or the borehole wall. 
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© A method of quantitative analysis of products, 
such as barite, bentonite or polymers, in a drilling 
fluid circulating in a wellbore being drilled is de- 
scribed. The method comprises the steps of sam- 
pling the drilling fluid, and analysing the sample to 
determine the density of the fluid and the weight 
fraction of solids in the fluid. In addition, a known 
weight of the sample is dried to constant weight so 
as to obtain the products in the form of solids, which 
solids are analysed by an infrared spectroscopy 



technique. The concentration of the products in the 
drilling fluid is then determined. The method can be 
applied to the control of the drilling operation by 
monitoring the quantity of products added to the 
drilling fluid, such as barite and polymers, or a 
product coming from the borehole wall or the under- 
ground formation being drilled. The invention also 
applies to the control of the working condition of the 
mud solids equipment. 
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